EP-1484: Reduced doses to risk organs using enhanced inspiration gating for Hodgkin¥s lymphoma radiotherapy  by Edvardsson, A. et al.
S806                                                                                                                                         3rd ESTRO Forum 2015 
 
probability of each voxel with respect to the initially labeled 
background/foreground points, in order to feed the random 
walk algorithm that is used to segment and remove the AR. In 
the point matching step, a feature-based 'thin-plate spline-
robust point matching' (TPS-RPM) algorithm is used to obtain 
the point-to-point correspondence of the two segmented AR 
surface point sets. Then, the B-spline approximation is 
performed on the resulting mapping to estimate a DVF 
characteristic of the fractional AR surfaces deformation, 
which serves as the initial DVF for the subsequent Demons-
based DIR between the AR-free HDR CT images. Finally, the 
calculated DVF via Demons combined with the initial DVF 
from TPS-RPM serves as the final DVF to map doses between 
HDR fractions. A synthetic phantom deformation is simulated 
using real HDR CT images to validate the SPEED algorithm. 
This virtual test resembles realistic deformation between 
HDR fractions in such way that it mimics rigid and deformable 
transformations in the tissues but only rigid transformations 
in AR. This approach offers us the ground truth for the 
evaluation of SPEED. In addition, a qualitative analysis of the 
deformation has been performed in nine HDR images of three 
different gynecological patients.  
Results: The virtual phantom experimental results show that 
the SPEED algorithm can reproduce almost the same DVF as 
the ground truth. The mean and standard deviation of the 
DVF differences inside and outside of the AR are -0.77(±1.28) 
and -0.07(±0.32) voxels, respectively (Figure 1 (a)~(f)). The 
segmentation and registration accuracy are then qualitatively 
assessed by nine clinical HDR cases from three gynecological 
cancer patients (an example case is shown in Figure 1 
(g)~(o)). The quantitative results as well as the visual 
inspection of the DIR indicate that our proposed method can 
suppress the interference of the applicator with the DIR 
algorithm, and accurately register HDR CT images as well as 
deform and add interfractional HDR doses. 
 
 
Conclusions: We have developed a novel and robust DIR 
scheme that can perform registration between HDR 
gynecological CT images and yield accurate registration 
results. This new DIR scheme has potential for accurate 
interfractional HDR dose accumulation.  
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Purpose/Objective: Historically, Hodgkin´s lymphoma (HL) 
was treated with radiotherapy using rather large open fields, 
resulting in high risk of side effects, most commonly 
secondary cancers and cardiac disease [1]. To reduce these 
risks, contemporary treatment of HL involves a combination 
of chemotherapy and radiotherapy, with decreased radiation 
doses and limited radiation fields and hence lower doses to 
organs at risk (OAR) [2]. To further reduce the doses to OARs 
for supra-diaphragmatic HL, irradiation during deep 
inspiration has been investigated [3,4]. 
The purpose of this study was to investigate possible 
absorbed dose reduction to the heart and lungs, using 
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enhanced inspiration gating (EIG), for supra-diaphragmatic HL 
radiotherapy. 
Materials and Methods: To date, five patients (two female, 
three male), median age 39 years (20-46 years), with supra-
diaphragmatic HL have been enrolled in this on-going study. 
The patients had a staging PET/CT before chemotherapy and 
a planning CT in both free breathing (FB) and EIG [5]. During 
EIG, the breathing was monitored using the RPM system 
(Varian Medical Systems) and the median distance to the 
lower part of the gating window was 9.8 mm. Target volumes 
and OARs were delineated in both CT sets. The same PTV 
margin was used for both EIG and FB. For each patient an 
involved-node radiotherapy plan, with comparable PTV 
coverage, was constructed in both CT sets using AAA version 
10.0.28 in Eclipse (Varian Medical Systems). AP/PA field 
orientation (6 MV) was used and additional fields with lower 
weight were added for dose homogenization (6 or 10 MV). 
The prescribed dose was 1.8 Gy in 17 fractions (four patients) 
or 1.8 Gy in 20 fractions (one patient). The PTV volume 
receiving more than 95 % of the prescribed dose (V95%), the 
mean heart and lung doses and the heart and lung volumes 
receiving more than 20 Gy (V20Gy) were prospectively 
recorded from Eclipse for each CT set to investigate whether 
EIG decreases the absorbed dose to OARs during supra-
diaphragmatic HL radiotherapy.  
Results: Four of the five patients were treated using EIG. For 
comparable PTV coverage (median V95% of 88.0 and 90.4 % for 
EIG and FB, respectively), the absorbed dose to the heart and 
lungs were reduced for EIG compared to FB (table 1, figure 
1).  
 
Conclusions: Using EIG for supra-diaphragmatic HL 
radiotherapy appears dosimetrically favorable for the heart 
and lungs compared to FB. The results presented are 
preliminary and more patients will be enrolled in the study. 
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Purpose/Objective: Stereotactic radiotherapy is intrinsically 
more sensitive to intrafractional motion (IFM) of the patient 
due to the low number of fractions. Furthermore, delivering 
large doses per fraction may increase the risk of IFM due to 
the extended beam-on time of these treatments. The 
introduction of Flattening Filter Free (FFF) treatment 
technique can reduce the beam on time by up to 60%. The 
purpose of this study is to evaluate the possible reduction in 
this movement in patients treated with stereotactic 
radiotherapy in lung (66 Gy/3F) and brain (20 Gy/1F) due to 
the introduction of a FFF technique. 
Materials and Methods: All patients in this study were 
treated with VMAT on Elekta linacs and imaged using the XVI 
system. 451 filter-flattened (FF) and 294 FFF treatment 
fractions targeting a lung tumour were analyzed. They were 
immobilized on a BreatsSTEP board (Elekta) with arms above 
the head. Imaging was carried out using 4D CBCT soft tissue 
match prior to irradiation, and patient position was corrected 
in 3 dimensions. Halfway through each fraction a repeat 4D 
CBCT was performed. IFM was estimated by considering the 
difference between the pretreatment scan and the halfway 
scan. For stereotactic surgery of the brain, 19 FF and 57 FFF 
fractions were considered. These patients were immobilized 
with the Orfit HP system. A grey value match on brain and 
cranial bone was performed, and patient position was 
corrected in 6D using the iGuide system. Subsequently the 
patient position was verified on a check CBCT scan. After all 
coplanar arcs were delivered a repeat CBCT was carried out. 
IFM was estimated by considering the difference between the 
check scan and the halfway scan. 
Results: Lung: For FF treatments the average time interval 
from the prior scan to the halfway scan was 9:46 min. The 
length of the vectorial IFM had a mean of 2.2mm, a maximum 
of 19.2mm and 95% of the cases had a motion of less than 
4.5mm. For FFF treatments the average time interval from 
the check scan to the halfway scan was 7:44 min. The length 
of the vectorial IFM had a mean of 2.0mm, a maximum of 
15.8mm and 95% of the fractions had a motion of less than 
5.4mm.  
Brain: For FF treatments the average time interval from the 
check scan to the halfway scan was 6:01 min. The length of 
the vectorial IFM had a mean of 0.4mm, a maximum of 
1.6mm and 95% of the cases had a motion of less than 
0.8mm. The mean of all measured angular corrections was 
0.4 deg; with a maximum of 1.5 deg. 95% of all angles were 
smaller than 1.0 deg. For FFF treatments the average time 
interval from the check scan to the halfway scan was 4:30 
min. The length of the vectorial IFM had a mean of 0.5mm, a 
maximum of 1.6mm and 95% of the cases had a motion of less 
than 1.1mm. The mean of all measured angular corrections 
was 0.3 deg; with a maximum of 1 deg. 95% of all angles 
were smaller than 0.8 deg. 
